Summary Male meiosis of 3 South American species of the genus Vicia (V graminea Sm., V macrograminea Burk., V epetiolaris Burk.) was studied. The early meiotic prophase I was characterized by a "bouquet stage" or synizesis. All 3 species showed regular pairing with 7 bivalents per cell at diakinesis and metaphase I. V macrograminea and V epetiolaris presented similar meiotic configurations at both stages, with higher values of total chiasmata per cell and a lower proportion of terminal chiasmata. V graminea was significantly different in chiasmata behaviour since the populations studied presented lower chiasma frequency and distal localization. The number of ring bivalents per cell in metaphase I was lower in V graminea but not significant.
The genus Vicia L. (Fabaceae) comprises about 180 species extensively distributed in temperate zones of both hemispheres (Burkart 1966 , 1967 , Kupicha 1976 , Gunn 1979 , Hanelt and Mettin 1989 . Approximately 40 of these are cultivated for vegetable, pulses or forage. The origin of the genus is presumably boreal, being the temperate zones of north hemisphere the main area of diversity. Nevertheless, there is an important center of secondary speciation in temperate zones of South America, where about 20 native species of Argentina, Chile, Uruguay and south of Brazil have been described, the majority of them belong to the section Australes Kupicha (Subg. Vicilla) (Burkart 1966 , 1967 , Giangualani 1982 , 1984 .
Of all the species of the genus, V faba is the most extensively studied from the cytogenetical point of view. Otherwise, detailed studies of the male meiotic system that take into account chromosome associations, genetic recombination, crossing-over, position and localization of chiasmata and distribution of bivalents to the poles, have been reported for only a few more species of the north hemisphere (Kesavacharyulu et al. 1982) . To the best of our knowledge, similar studies have not been published for South American species of the genus where reports are restricted to chromosome numbers (Palacios 1971, Moore and Scotter 1976) . This paper presents the results of studies on the male meiosis of 3 species from Argentina: V graminea Sm., V macrograminea Burk. and V epetiolaris Burk. These species were chosen because they show a close morphological relationship (Burkart 1966 , 1967 , Giangualani 1982 , 1984 , al-though they differ in some chemiosystematic characteristics (Ferrari et al. 1986 ). ondary constrictions (Naranjo et al. 1998 ).
The meiosis is regular and quite similar in all the 3 species. Fig. 1 shows the first meiotic division in V graminea. The early meiotic prophase is characterized by a "bouquet stage" where chromosome threads come out of a bundle, forming large loops (Fig. 1 a) . This "bouquet stage" was described by Rousi (1962) in V cracca and V tenuifolia, by Moens (1964) in tomato (Lycopersicum esculetum) with the name of synizesis and by Lacadena and Vazquez (1971) in rye (Secale cereale). The nucleolus, during synizesis, is outside the bundle usually connected to one of the loops, and sometimes it shows segregation of the nucleolar material (Fig. 1 a) . Thereafter the bundle disappears and the chromosomes (already bivalents) evolve to the configuration of a typical pachytene (Fig.  1b) .
The late prophase (diplotene-diakinesis) and the first meiotic metaphase were analyzed in detail (Figs. lc, d , e, f, 2). All 3 species show regular pairing with 7 bivalents per cell. The frequencies of total and terminal chiasmata per cell, and the percentage of chiasmata with distal location at late prophase and at first metaphase are tabulated in Table 1 , 2 respectively. V epetiolaris and V macrograminea present similar meiotic configurations at both stages. V graminea is significantly different because of the reduction of chiasma frequency and the higher proportion of terminal chiasmata at late prophase (total chiasmata: F =91.94, p<0.05; terminal chiasmata: F =15.36, p<0.05) and at metaphase (total chiasmata: F =177.45, p<0.05; terminal chiasmata: F =63.34, p<0.05). All 3 populations of this species show the same behavior. The number of ring bivalents per cell is lower in V graminea, but the difference with the other species is not significant. The main differences in the meiotic systems of the 3 species lie in chiasma frequency and distribution. These features are variable and highly influenced by genetic and environmental factors (Rees 1961 , Baker et al. 1976 , Haroun 2000 . In this case, the remarkable differences in chiasma frequencies between V graminea and the other 2 species should be assigned to genetic factors, since the studies were carried out under uniform experimental conditions. Besides, they may reflect differences in the breeding systems, since there is an interrelationship between chiasmata (hence recombination) and the breeding pattern of species. Zarchi et al. (1972) on the basis of observations in 2 closely related species of Triticum, proposed that in natural populations selfer species have significantly higher frequencies of chiasmata than the outbreeders, and that an optimal degree of effective recombination is achieved by the balance between outbreeding and interstitial chiasmata. The nucleolar chromosomes in the genus Vicia usually comprises one pair of the complement in the diploid taxa (Bisht et al. 1998 ), V graminea is one of the rare species in the genus that has 2 pairs of chromosomes with nucleolar organizer regions (NOR), while only one is present V epetiolaris and V macrograminea (Naranjo et al. 1998 ). On the other hand, chemiosystematic studies of phenolic compound patterns suggest that V graminea is the native species more closely related to V macrograminea (Ferrari et al. 1986 ). DNA content, total chromosome volume (TCV) and seed weigh values of V graminea are also closer to V macrograminea than to those of V epetiolaris (Naranjo et al. 1998) .
The distribution of chromosomes to the poles in anaphase I as well as the course of the second meiotic division are regular in all 3 species. Nevertheless, bridges without fragments were observed in frequencies ranging from 9% to 12% in the 3 species (Fig. 3) . A metacentric bivalent with a halfchiasma was also observed in anaphase I of V graminea (Fig. 3c) . In order to determine if these irregularities had further consequences, pollen fertility was studied. The results are shown in Table 2 and indicate that fertility is very high in all 3 cases.
The occurrence of a bridge not accompanied by an acentric fragment is an indication that its origin cannot be assigned to the existence of paracentric inversion hybridity. Rather, these bridges were classified as side-arm bridges by John et al. (1960) , who first reported the incidence of this type of anomaly in a population of Chorthippus brunneus. Subsequently, side-arm bridges as well as half-chiasmata have been described in other species of grasshoppers and locust John 1966, Gozalvez et al. 1981) . These anomalies have also been reported in Tradescantia and Paeonia (Lewis and John 1966) , in Paris quadrifolia (Bjerketvedt 1981), Najas marina (Viinikka and Kotimaki 1979) and in other plant species. There is also a significant increase of the frequency of these bridges in hybrids (Hunziker and Ferrari 1986 ).
In the genus Vicia side-arm bridges had been reported in several species from the north hemisphere: V cracca (Rousi 1962) , V faba, V sativa and V narbonensis (Srivastava 1963) , V hajastana and V hybrida (Kesavacharyulu et al. 1982) .
Taking into account their widespread occurrence in different organisms, Lewis and John (1966) suggested that side-arm bridges are the consequence of spontaneous chromosome breakage and the subsequent pattern of reunion. In line with this hypothesis, we propose that they may be explained on the basis of the generally accepted models for the molecular mechanisms of meiotic crossing-over and recombination in eukaryotes. These models imply the formation of Holliday's intermediates (Holliday 1990 , Stockert 1994 ) as a result of breakage for crossing-over, thus the incorrect resolution or the persistence of such intermediates through anaphase I could explain the presence of side-arm bridges at this stage. It is less possible the alternative explanation proposed by Bjerketvedt (1981) 
